Despite advances regarding the microbial and organic-molecular impact on nucleation, the formation of 13 dolomite in sedimentary environments is still incompletely understood. Since 1960, apparent dolomite formation 14 has been reported from mud sediments of the shallow, oligohaline and alkaline Lake Neusiedl, Austria. To trace 15 potential dolomite formation or diagenetic alteration processes in its deposits, lake water samples and sediment 16
Sampling and field measurements 149
The sampling campaign at Lake Neusiedl was performed in August 2017 in the bay of Rust (16°42'33.635''E, 150 47°48'12.929''N) situated at the lake´s central western shore. A pedalo boat was utilized to enable sampling 151 approximately 500 m offshore. Physicochemical parameters of the lake water were measured directly in the field 152 using a WTW Multi 3430 device equipped with a WTW Tetracon 925 conductivity probe, a WTW FDO 925 probe 153 for dissolved O2, and a WTW Sentix 940 electrode for temperature and pH (Xylem, Rye Brook, NY, USA), 154 calibrated against standard pH-buffers 7.010 and 10.010 (HI6007 and HI6010, Hanna Instruments, Woonsocket, 155 RI, USA; standard deviation ≤ 2%). Lake water was retrieved from a depth of 10 cm with a 500 ml Schott-Duran 156 glass bottle without headspace from which subsamples for anion, nutrient and total alkalinity determination were 157 distributed into 100 mL polyethylene (PE) and 250 mL Schott-Duran glass bottles (Schott, Mainz, Germany), 158 respectively. For cation analysis, a 50 mL aliquot was filtered through membrane filters with a pore size of 0.7 μm 159 (Merck, Darmstadt, Germany) into a PE-bottle and acidified with 100 µl HNO3 (sub-boiled). Total alkalinity was 160 determined via titration within 3 hours after sampling using a hand-held titration device and 1.6 N H2SO4 cartridges 161 (Hach Lange, Düsseldorf, Germany; standard deviation ≤ 1.5%). 162 https://doi.org/10.5194/bg-2019-449 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License.
Five sediment cores, with the sample codes LN-K01, LN-K02, LN-K03, LN-K04 and LN-K05, were retrieved 163 using PVC-tubes (6.3 cm diameter; Uwitec, Mondsee, Austria) in approximately 30 cm lateral distance. All cores 164 were 30 to 40 cm in length and were used for sediment, pore water and bacterial community profiling. Cores K01 and LN-K02 were subsampled and treated for bacterial community profiling as described in von Huene et al. (2019) directly after recovery. Cores LN-K03, LN-K04 and LN-K05 were hermetically sealed after 167 recovery and stored upright at temperatures close to their natural environment (22 ± 2 °C). Effects of pressure 168 differences are neglectable in the present case, because the cores were sampled just below the lake floor. 169
Petrographic, mineralogical, and geochemical analyses 170
Two cores, labelled LN-K04 and LN-K05, were used for sediment geochemical and petrographic analyses. 171
Sediment dry density and porosity were calculated from the corresponding sediment weights and volumes. For 172 bulk organic and inorganic carbon content detection, sediment increments of 2.5 cm were subsampled from core 173 LN-K04. They were freeze dried and powdered with a ball mill, before they were measured by a LECO RC612 174 (Leco, St Joseph, MI, USA) multi-phase carbon and water determination device. For calibration, Leco synthetic 175 carbon (1 and 4.98 carbon%) and Leco calcium carbonate (12 carbon%) standards were used. The same increments 176 were utilized for CNS elemental detection, which was operated with a Euro EA 3000 Elemental Analyzer 177 (Hekatech, Wegberg, Germany). 2.5-Bis (5-tert-benzoxazol-2-yl) thiophene BBOT and atropine sulfate 178 monohydrate (IVA Analysetechnik, Meerbusch, Germany) were provided as reference material. Analytical 179 accuracy of all analyses was better than 3.3%. 180 XRD-analyses were conducted with identical increments at the Department of Geodynamics and Sedimentology 181 in Vienna by a PANanalytical (Almelo, Netherlands) Xpert Pro device (CuK radiation, 2θ refraction range of 2-182 70°, and a step size of 0.01°). Semi-quantitative phase composition analysis was performed with Rietveld 183 refinement of peak intensities by using MAUD (version 2.8; Lutterotti et al., 2007) . To ensure a better 184 reproducibility of the semi-quantitative XRD-analysis, Rietveld refined results were compared and correlated with 185 carbon data retrieved from the aforementioned LECO RC612 device. 186
In core LN-K05, sediment increments of 5 cm were subsampled for thin sectioning and light microscopic 187 observations. To ensure a continuous section, rectangular steel meshes, 5 cm in length, were placed along the 188 sediment column. These steel meshes, filled with soft sediment, were then embedded in LR White resin (London 189
Resin Company, Reading, United Kingdom), after a dehydration procedure with ethanol. During dehydration, the 190 sediments were treated with Sytox Green nucleic acid stain (Invitrogen, Carlsbad, CA, USA) to stain eukaryotic 191 cell nuclei and prokaryotic cells for fluorescence microscopy. Samples were cured for 24 hours at 60°C before 192 thin section preparation. The thin sections were ground down to a thickness of 40 to 50 µm and then capped with 193 a glass cover. Petrographic observations were conducted with a petrographic and a laser-scanning microscope 194 (Zeiss, Oberkochen, Germany, lsm excitation: 543 nm, 488 nm, 633 nm, laser unit: Argon/2, HeNe543, HeNe633). 195
For scanning electron microscopy, non-capped unpolished thin section fragments and freeze-dried loose sediment 196 from cores LN-K05 and LN-K04 were placed on 12.5 mm plano carriers and sputtered with a platinum-palladium 197 mixture. Field emission scanning electron microscopy was conducted with a Gemini Leo 1530 device (Zeiss, 198 Oberkochen, Germany) with a coupled INCA x-act (Oxford Instruments, Abingdon, United Kingdom) EDX 199 detector. 200 https://doi.org/10.5194/bg-2019-449 Preprint. Discussion started: 5 December 2019 c Author(s) 2019. CC BY 4.0 License.
Pore water analysis 201
Redox potential and pH gradients were directly measured in the sediment of core LN-K03 one week after sampling 202 with a portable WTW 340i pH meter, equipped with an Inlab Solids Pro pH-electrode (Mettler Toledo, Columbus, 203 OH, USA) and a Pt 5900 A redox electrode (SI Analytics, Mainz, Germany) through boreholes (standard deviation 204 ≤ 2%). Pore water was extracted from the core, using 5 cm CSS Rhizon samplers (Rhizosphere, Wageningen, 205 Netherlands). Immediately after extraction, aliquots were fixed with Zn-acetate for determination of total sulfide 206 (ΣH2S). Pore water alkalinity was determined using a modified Hach titration method with self-prepared 0. retrieved by using a Shimadzu TOC-LCPH (Shimadzu, Kyoto, Japan) analyzer with an ASI-L autosampler and a 224 reaction vessel containing a reaction solution of phosphoric acid (H3PO4, 25%). The DIC was measured by 225 conversion to carbon dioxide, which was detected by a NDIR detector. 226
All measured values were processed with the PHREEQC software package (version 3; Parkhurst and Appelo, 227 2013). The implemented phreeqc.dat and wateqf4.dat databases were used in order to calculate ion activities and 228 pCO2 (partial pressure of CO2) of the water samples and mineral saturation states. The saturation indices of mineral 229 phases are given as SI = log (IAP/KSO). 230
Bacterial 16S rRNA gene community profiling 231
Two sediment cores labelled LN-K01 and LN-K02 were sampled for bacterial 16S rRNA gene-based community 232 profiling. Each core was sampled in triplicate at every 2.5-5 cm of depth and the surface water filtered through a 233 2.7 (Merck, Darmstadt, Germany) and 0.2 µm (Sartorius, Göttingen, Germany) filter sandwich. RNAprotect 234 Bacteria Reagent (Qiagen, Hilden, Germany) was immediately added to all samples, in order to preserve the 235 nucleic acids. Before storage at -80°C, the samples were centrifuged for 15 min at 3.220 x g and the RNAprotect 236 opaque, up to several hundred µm in size, often elongated and randomly orientated particles ( Fig. 2A and B) . Noticeably, detrital carbonate minerals and quartz grains occur layer-like or in defined lenses (Fig. 2C and D) . The 280 component to matrix ratio slightly increases up to 25:75% and cubic, small (up to 10 µm), opaque minerals often 281 occur intercalated with plant detritus. The Corg:Ntot ratio also changes from 10 at 15 cm to 12 at 22 cm b.s.. 282
Unit III, occurs from 22 to 40 cm b.s.. It is distinctly darker than the units above and shows a significant decrease 283 in water content and porosity to <50 weight% and <0.6, respectively. This decrease in porosity is also recognizable 284 by a more cohesive sediment texture. Lamination is visible at the core's outer surface, but not in the cut section, in 285 which plant detritus noticeably increases. Thin sections of this unit illustrate a rather compacted matrix, a 286 horizontal orientation of elongated phytoclasts and a layered structure with detrital mineral grains ( Fig. 2E and F) , 287 further supported by the laser scan image (Fig. 4C ). Ostracod or diatom fragments still occur but are less abundant 288 than in the units above. The particle to matrix ratio increases up to 35:65% and the Corg:Ntot ratio steadily increases 289 from 12 to 14 through Unit III. 290
In SEM images, the matrix appears as microcrystalline aggregate of several nanometer-sized clotted crumbs ( Fig.  291 5). Locally, small, up to 1 µm in scale, irregularly shaped rhombohedral crystals are observable. With EDX 292 measurements, these tiny crystals were identified as Ca-Mg carbonate phases. 293
According to the XRD spectra, the bulk sediment mainly consists of carbonates and quartz with minor 294 contributions of feldspar, clay, and mica (Fig. 6) . The d104 peak shift provides a suitable approach to estimate the 295 Mg:Ca ratio in magnesium calcite and dolomite (Lumsden, 1979 ). Based on the d104 peak positions, three carbonate 296 phases with different MgCO3-content are present: A calcite phase with minor amounts of MgCO3, a high-297 magnesium-calcite phase (HMC) with circa 18 mole% MgCO3 and a very-high-magnesium-calcite phase (VHMC, 298 Fig. 6 ). The latter shows a 104 peak, shifted from 31°2θ in ordered dolomite to ca. 30.8°2θ, indicating a MgCO3 299 content of approx. 45 mole%. Estimated relative mineral abundances vary between the three units ( Fig. 7) : In Unit 300 I the amount of authigenic carbonate minerals remains relatively constant at 55 weight%, whereas in Unit II a 301 steep/large increase of detrital mineral phases (feldspar, quartz, calcite, mica) can be found. In Unit III the amount 302 of Ca-Mg carbonate phases decreases and scatters around 40 weight%. Mica slightly increase with depth below 303 23 cm. Nevertheless, the authigenic HMC to VHMC ratio does not change significantly throughout the section. 304
Notably, all authigenic Ca-Mg carbonate phases do not show any down-core trend in stoichiometry. The 
Pore water chemistry 344
The water chemistry of Lake Neusiedl is characterized by high pH values (9.02) and moderate salinity (1.8‰). 345 Sodium (Na + ) and magnesium (Mg 2+ ) are the major cations with concentrations of 14.3 and 5.1 mmol·L -1 , 346 respectively. Calcium (Ca 2+ ) concentration is considerably lower at 0.3 mmol·L -1 . Total alkalinity (TA) measures 347 11.2 meq·L -1 whereas other major anions like chloride (Cl -) and sulfate (SO4 2-) hold a concentration of 7 and 4 348 mmol·L -1 , respectively. Nutrient (NH4 + , NO2 -, PO4 3-, ΣH2S, SiO2(aq)) concentrations lie below 0.004 mmol·L -1 .
349
The pore water chemistry strongly differs between the sediment and the water column. The pH drops significantly 350 at the water-sediment interface to a value around 7.5, which stays constant throughout the sediment core (Fig. 9A) . 351
The entire section is anoxic with a redox potential of -234 mV at the top, which increases to -121 mV at the bottom 352 ( Fig. 9B) . Na + and Clcontents continuously increase with depth from 14 to 20 and from 7 to 8.8 mmol·L -1 , 353 respectively ( Fig. 9A) . Mg 2+ and Ca 2+ show a different pattern: From 5 to 10 cm depth, the Mg 2+ content decreases 354 from 5 to 4 mmol·L -1 , whereas the Ca 2+ content increases from 0.5 to 0.6 mmol·L -1 in the same increment. From 355 10 cm downwards, the Mg 2+ content scatters around 4 mmol·L -1 and the Ca 2+ content decreases from 0.6 to below 356 0.5 mmol·L -1 (Fig. 9A) . Dissolved SO4 2and hydrogen sulfide (H2S) also show a noticeable trend: The H2S 357 content is close to zero in the top 5 cm of the sediment column, rapidly increases to 1 mmol·L -1 between 5 and 10 358 cm b.s. and remains constant to the bottom of the section. SO4 2follows an opposite trend. Its concentration 359 decreases from 4 to 1 mmol·L -1 in the upper 10 cm b.s. and remains constant at 1 mmol·L -1 towards the section 360 bottom. Total alkalinity also increases towards the lower part of the section, from 11.2 to 16.8 meq·L -1 , with an 361 increase between 5 and 15 cm depth. 362 NO2is present in the upper 10 cm of the core and reaches its highest value (0.9 µmol·L -1 ) at 2 cm b.s., while its 363 concentration decreases to zero below 10 cm b.s.. Dissolved iron (Fe 2+ ) has a similar trend in the upper 10 cm b.s., 364 reaching its highest concentration at a depth of 2 cm (1.4 µmol L -1 ). Below 10 cm core depth, iron concentrations 365 lie below 0.3 µmol L -1 , with the exception of an outlier value of 0.5 µmol L -1 at 13 cm b.s.. Concentrations of 366 ammonia (NH4 + ) and phosphate (PO4 2-) increase with depth. In the uppermost part of the sediment column, they 367 are close to zero and increase to 0.37 and 0.02 mmol·L -1 at 13 cm. These values remain constant to the bottom of 368 the core. Dissolved silica shows a curved profile with 0.3 mmol·L -1 at the top, reaching a maximum at 15 cm depth 369 with 0.8 mmol·L -1 and declines to concentrations around 0.5 mmol·L -1 . Methane (CH4) concentration also shows 370 a curved trend, reaching its highest value of 227 µmol·L -1 at a depth of 20 cm and concentrations between 14 and 371 64 µmol·L -1 close to the sediment surface (5 and 1 cm, respectively). Dissolved inorganic carbon (DIC) increases 372 from 11.71 mmol·L -1 at the top to 18.01 mmol·L -1 at 30 cm depth. Only in the 15 to 20 cm increment, the amount 373 of DIC slightly decreases from 15.37 to 14.94 mmol·L -1 . 374
According to PHREEQC calculations, the water column at the sampling site (Bay of Rust) is supersaturated with 375 respect to aragonite (SI = 0.92), calcite (SI = 1.07), VHMC (SI = 2.92; protodolomite) and dolomite (SI = 3.46; 376 differs between the water column and the sediment (Fig. 11A and B) . of Desulfobacteraceae and Desulfarculales (Fig. 11C and D) . Concentrations of the conservative trending ions Na + , K + , and Cl -, steadily increase towards the bottom of the core 431 section, reaching 19, 1, and 9 mmol·L -1 , respectively. These concentrations are considerably higher than in the 432 water column, where these ions measure 14, 0.9 and 7 mmol·L -1 . Moreover, SO4 2shows an increase near the 433 bottom of the core and is reported to further increase to values of 6.5 mmol·L -1 in a longer section from a different 434 locality in the Bay of Rust (not shown in this study), which is higher than the overlying lake water (3.9 mmol·L -435 1 ). This rise in ion concentration indicates an ion source below the sampled interval. While saline deep ground 436
waters are known to be present in deep aquifers (Neuhuber, 1971; Blohm, 1974; Wolfram, 2006) , it is also possible 437 that more highly concentrated brine exists in deeper mud layers due to more recent evaporation events (Fig. 12) . 438 Lake Neusiedl dried out entirely between 1865 and 1875 (Moser, 1866) and high ion concentrations may relate to 439 thin evaporite layers and brines that formed during this event. 440
The cause of the exceptionally high Mg:Ca ratio, which reaches values around 15 in the water column, is not yet 441 entirely understood. The low Ca 2+ concentrations in Lake Neusiedl can be linked to calcium carbonate formation 442 It should be noted that the Mg:Ca ratio reaches values around 7 in the 5-10 cm increment of the pore water section.
water, high supersaturation in the surface water body would support precipitation in the water column. Given the 579 high alkalinity, CO2 uptake by primary producers may have contributed to the high pH and high supersaturation 580
in the surface water. 581
An alternative explanation to the controversially discussed microbial dolomite formation would be the ripening 582 under fluctuating pH conditions in the water column. Deelman (1999) has demonstrated in his precipitation 583 experiments that dolomite forms if the pH varies. At times of strong supersaturation, metastable carbonates 584 (protodolomite) are formed, which ripen to ordered dolomite during subsequent phases of undersaturation of the 585 metastable carbonate (while the stable phase remains supersaturated). This observation reflects Ostwald's step 586 rule, according to which the metastable phase always forms first. Ostwald's step rule can also be demonstrated in 587 the pore water, which is buffered by the metastable phase. Thereby the formation of the stable phase (dolomite) is 588 inhibited despite its supersaturation. This observation is comparable with Land's (1998) "failure" to form dolomite 589 for 30 years despite 1000-fold supersaturation. 590
In Lake Neusiedl, fluctuation of the pH in the overlying water column is likely to occur due to variations in 591 meteoric water input and temperature, which may cause episodes of undersaturation. A fact, which is supported 592 by Wolfram and Herzig (2013), who report an increase of Ca 2+ 
